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The present invention relates to N,N-dimethyl imidodicar-
bonimidic diamide acetate, a method of preparing the same
and a pharmaceutical composition comprising the same, and
more particularly, to N,N-dimethyl imidodicarbonimidic dia-
mide acetate which is a crystalline acid addition salt prepared
by reacting N,N-dimethyl imidodicarbonimidic diamide with
acetic acid, and which is very effective as a therapeutic agent
for treating metabolic syndromes that glycosuria and diabetes
mellitus, obesity, hyperlipidemia, fatty liver, coronary heart
disease, osteoporosis, polycystic ovarian syndrome, a cancer
depleted of gene P53, etc. are complexly occurred; treating
diabetes mellitus and preventing its complication; and treat-
ing a cancer and preventing myalgia, muscle cell cytotoxicity
and rhabdomyolysis, etc. since the acid addition salt is excel-
lent in physicochemical properties such as solubility, stabil-
ity, non-hygroscopicity, anti-adhering property, etc., and low
toxicity, amethod of preparing the same and a pharmaceutical
composition comprising the same.
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N,N-DIMETHYL IMIDODICARBONIMIDIC
DIAMIDE ACETATE, METHOD FOR
PRODUCING THE SAME AND
PHARMACEUTICAL COMPOSITIONS
COMPRISING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 12/524,695, filed Jul. 27, 2009,
presently allowed, which is a 35 U.S.C. §371 National Phase
filing of International Application No. PCT/KR2008/000529,
filed Jan. 29, 2008, which claims priority to Korean Applica-
tion No. 10-2007-0008835, filed Jan. 29, 2007. The entire
content of each prior application is hereby incorporated by
reference.

TECHNICAL FIELD

The present invention relates to N,N-dimethyl imidodicar-
bonimidic diamide acetate, a method of preparing the same
and a pharmaceutical composition comprising the same, and
more particularly, to N,N-dimethyl imidodicarbonimidic dia-
mide acetate which is a crystalline acid addition salt prepared
by reacting N,N-dimethyl imidodicarbonimidic diamide with
acetic acid, and which is very effective as a therapeutic agent
for treating metabolic syndromes that glycosuria and diabetes
mellitus, obesity, hyperlipidemia, fatty liver, coronary heart
disease, osteoporosis, polycystic ovarian syndrome, a cancer
depleted of gene P53, etc. are complexly occurred; treating
diabetes mellitus and preventing its complication; and treat-
ing a cancer and preventing myalgia, muscle cell cytotoxicity
and rhabdomyolysis, etc. since the acid addition salt is excel-
lent in physicochemical properties such as solubility, stabil-
ity, non-hygroscopicity, anti-adhering property, etc., and low
toxicity, amethod of preparing the same and a pharmaceutical
composition comprising the same.

More particularly, the present invention relates to novel
N,N-dimethyl imidodicarbonimidic diamide acetate that
lowers dissolution rate and improves the permeability to
enhance its bioavailability in a lower gastrointestinal tract.

BACKGROUND ART

N,N-dimethyl imidodicarbonimidic diamide has general
name of metformin, and is a therapeutic agent for Non-Insulin
Dependent Diabetes Mellitus, and a biguanide based pharma-
ceutical that is most excellent in hypoglycemic action and
preventing the complication.

It was suggested in various articles that only metformin has
a property as the first choice as oral anti-diabetic agent. In
particular, the clinical effect of the metformin was proved by
its pharmacological action as AMPK activator. It was
reported that AMPK is a key enzyme controlling the metabo-
lism of carbohydrate and lipid physiologically; metformin
activates this enzyme, thereby normalizing high blood-glu-
cose level, improving lipid state, normalizing menstrual
irregularity, in ovulation, and treating a fatty liver; and met-
formin is effective in treating or preventing a cancer depleted
of gene P53.

Abramson Cancer Center of Medical college, Pennsylva-
nia reported through a professional journal for cancer that
metformin is effective as AMPK activator in treating or pre-
venting a cancer depleted of gene P53 [Monica Buzzai, et al.
Systemic Treatment with the Antidiabetic Drug Metformin
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Selectively Impairs p53-Deficient Tumor Cell Growth, Can-
cer Res 2007; 67:(14). Jul. 15, 2007].

In other words, if a human body is subjected to an unfa-
vorable condition, metformin activates AMPK enzyme,
which controls an energy metabolism applied to the condi-
tion, thereby controlling glucose and lipid, and removing
cancer cells.

Gene P53 renders a damaged cell or an unnecessary cell
and an aged cell to kill itself (apoptosis). If a cancer cell is
mutated, the gene P53 is depleted, thereby forming incurable
cancer cell.

It was verified from experiments that metformin activates
the AMPK enzyme of an incurable cancer cell depleted of the
gene P53, thereby changing the metabolic path, and accord-
ingly, the cancer cell is killed since it could not adapt itself to
the changed metabolic path.

The report suggests that gene P53 removes a cancer and
maintains longevity by employing an energy metabolism
control enzyme named as AMPK.

Metformin is a drug that activates the AMPK thereby nor-
malizing glucose and lipid metabolism. It was found that if
metformin is administered to a cancer depleted of the gene
P53, the energy metabolic path for the cancer cell is changed,
and anticancer action increases proportionally to a dosage of
metformin, and further metformin is effective in treating a
cancer in a normal dosage for treating diabetes mellitus.

Further, researchers of the medical center of Beth Israel
Deaconess, Boston, United States reported through a profes-
sional medical journal that metformin is effective as PGC-1a
activator in preventing severe side effects such as myalgia,
muscle cell damage and rhabdomyolysis [Jun-ichi Hanai, et
al. The muscle-specific ubiquitin ligase atrogin-1/MAFbx
mediates statin-induced muscle toxicity, J. Clin. Invest. 117:
3940-3951 (2007)].

Expression of Atrogin-1 gene causes muscle toxicity such
as myalgia, muscle cell damage and rhabdomyolysis, but
metformin inhibits the expression of Atrogin-1 gene due to
PGC-1a transcription factor activity, thereby inhibiting and
preventing muscle disorder due to the increase of the expres-
sion of Atrogin-1 gene.

Metformin is administered in the form of pharmaceutically
acceptable acid addition salt since metformin is pharmaceu-
tically useful in the form of a free base, but the stability of the
form is low.

Korean Patent No. 90,479 describes that four physico-
chemical standards such as (1) excellent solubility; (2) excel-
lent stability; (3) non-hygroscopicity; and (4) the processibil-
ity as a tablet form must be satisfied for preparing in the form
of pharmaceutically acceptable salt. It is very difficult to
satisfy the four standards as a pharmaceutically acceptable
acid addition salt.

Research for addition salt other than metformin hydrochlo-
ride has been performed. U.S. Pat. No. 3,957,853 discloses
metformin acetyl salicylic acid salt, U.S. Pat. No. 4,028,402
discloses a novel addition salt of biguanide compound, and
U.S. Pat. No. 4,080,472 discloses the preparation of met-
formin chlorfibric acid salt and treatment of diabetes mellitus
related diseases. Further, U.S. Pat. No. 6,031,004 describes a
medical composition by fumarate, succinate and maleinic
acid of metformin, and its use. Although the research for
metformin addition salt has been continuously performed,
metformin is approved in only a drug as hydrochloride, and is
widely prescribed as a therapeutic agent for non-insulin
dependent diabetes mellitus. Metformin hydrochloride is the
material that is almost exclusively absorbed in upper small
intestine. Accordingly, it is incompletely absorbed in lower
small intestine, and thus it is a salt very difficult to formulate
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as a controlled release drug for 24 hours. This is why the
solubility of metformin hydrochloride is high (Marathe, P. et
al., Br. J. Clin. Pharmacol., 50:325-332 (2000)).

Research for addition salt other than metformin hydrochlo-
ride has been performed. U.S. Pat. No. 3,957,853 discloses
metformin acetyl salicylic acid salt, U.S. Pat. No. 4,028,402
discloses a novel addition salt of biguanide compound, and
U.S. Pat. No. 4,080,472 discloses the preparation of met-
formin chlorfibric acid salt and treatment of diabetes mellitus
related diseases. Further, U.S. Pat. No. 6,031,004 describes a
medical composition by fumarate, succinate and maleinic
acid of metformin, and its use. However, the preparation
method and composition of metformin acetate had not been
mentioned in the prior patents. Further, there is no known or
progressed research for the effect of metformin acetate.

Although the research for metformin addition salt has been
continuously performed, only metformin hydrochloride is
actually used. Hydrochloride salt is large in its unit dosage
and its formulation size is very large. Accordingly, even
though a novel addition salt is attempted, its molecular weight
and formulation becomes too large, and thus it is inferred that
it is difficult to formulate. Accordingly, it is considered that
the development of a product for a novel addition salt had not
been attempted.

Meanwhile, prior patent (U.S. Pat. No. 4,080,472)
describes that when metformin free base is prepared, an ion
exchange resin column is used for removing hydrochloric
acid from metformin hydrochloride, and prior patent
describes that severe preparation condition that a solvent is
refluxed with heating and filtered in hot state is required.

The usual dosage of metformin hydrochloride is 2550 mg
at maximum daily, i.e., 500 mg or 750 mg tablet is adminis-
tered 2~3 times with a diet a day.

Such an administration method causes drastic changes in
the drug level in blood due to the properties of metformin
hydrochloride having quick drug elimination rate, and such a
change in drug level in blood can result in side effects and
resistance to the drug. Actually, the side effects related to the
use of metformin hydrochloride occur frequently in gas-
trointestinal tract, and the examples include anorexia, nausea,
vomiting and occasionally diarrhea. Accordingly, a research
for extended controlled release formulation of metformin
hydrochloride is being progressed in order to decrease such
side effects and improve the treating quality of the Type 2
diabetic patients.

Further, metformin hydrochloride is highly water soluble
drug (>300 mg/mL, 25[]), and thus if it is not designed as
special formulation, excessive drop in blood glucose by dras-
tic release phenome can be caused. Accordingly, it is consid-
ered that a controlled release tablet designed so that defined
dose of the drug can be control-released for 24 hours is
preferable administration form in the aspect of a patient’s
convenience as well as therapeutic effect.

However, metformin hydrochloride is highly soluble in
water, and hardly permeates the lower gastrointestinal tract,
and thus the most drug must be absorbed at upper gastrointes-
tinal tract. Therefore, there are many problems in preparation
technology for preparing special formulation for controlled
release.

Many patents for controlled release tablet of metformin for
overcoming such problems in the pharmaceutical technology
are registered at home and abroad. Korean Patent Application
No. 1999-7011439 filed in the name of Depomed Inc.
describes a controlled release formulation that releases a drug
for 8 hours using general high molecular polymer as a for-
mulation for controlled release of a soluble drug. Korean
Patent Application No. 2000-7010280 filed in the name of
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Bristol Meyer’s Squibb describes 2 phase controlled release
tablet suitable for controlled release of metformin having
high solubility in a desired degree.

However, since the unit dosage of metformin is large, i.e.,
500 to 750 mg, the total weight of the tablet is very heavy in
consideration of adding a pharmaceutical excipient including
a controlled release agent. Further, since the solubility of
metformin hydrochloride is high, the controlled release agent
to be added is also needed in much amount in order to con-
trolled-release for desired time, and accordingly the formu-
lation may be too large to take easily. Accordingly, it is not
easy to maintain continuous controlled release of metformin
hydrochloride within the size that a patient can take the tablet.

The reason why metformin acetate is selected as an anti-
diabetic agent is that it can cause pharmaceutically excellent
controlled release and the pharmacological effect of met-
formin acetate is superior to that of metformin hydrochloride.

Recently, researches for various pharmacological effects
of acetate are actively progressed. Many experiments that
small amount of vinegar lowers blood glucose at 30 minutes
after meal by inhibiting an enzyme to degrade disaccharide to
glucose in intestine have been reported.

Recently, research by Carol Johnston et al for the effect of
vinegar performed for patients having type 2 diabetes melli-
tus mentioned that 64% of blood glucose after meal is
decreased and 34% of insulin sensitivity is also decreased in
vinegar administration group among insulin resistant group
[Vinegar: Medicinal uses and Antiglycemic effect Carol
Johnston, et al. Medscape general medicine 2006; 8(2):61].

Further, Ogawa mentioned that acetic acid inhibits the
activity of disaccharidase such as sucrase and lactase. In other
words, he mentioned that acetic acid plays a role in decreas-
ing blood glucose by inhibiting the action of an enzyme
degrading polysaccharide to monosaccharide.

References

1. Ogawa N, Satsu H, Watanabe H, et al. Acetic acid sup-
presses the increase in disaccharidase activity that occurs
during culture of caco-2 cells. J. Nutr. 2000 March; 130(3):
507-13

2. Carol S. Johnston, PhD, R D; Cindy A. Gaas, B S.
Vinegar: Medicinal Uses and Antiglycemic Effect, Medscape
General Medicine. 2006; 8(2):61.

3. Ostman E, Granfeldt Y, Persson L, Bjérck 1. Vinegar
supplementation lowers glucose and insulin responses and
increases satiety after a bread meal in healthy subjects. Eur J
Clin Nutr. 2005 September; 59(9), 983-8.

4. Johnston C S, Kim C M, Buller A J. Vinegar improves
insulin sensitivity to a high carbohydrate meal in subjects
with insulin resistance or type 2 diabetes. Diabetes Care.
2004 January; 27(1):281-2.
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insulinaemic responses in healthy subjects. Eur J Clin Nutr.
2005 November; 59(11):1266-71.
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neutralized and native vinegar on blood glucose and acetate
responses to a mixed meal in healthy subjects. Eur J Clin Nutr.
1995 April; 49(4):242-7.

Korean Patent Application No. 2004-7013025 filed by Mit-
sukan Company, Japan describes a food and medical compo-
sition for preventing hypertension characterized in that
minute amount of acetic acid shows excellent action of low-
ering blood pressure by oral intake for a long period.
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Researches for vinegar and acetic acid itself on various
diseases have been actively performed. However, the research
shows considerable effects as outcome of the research for
vinegar as food not experiment for acetate, it did not show the
effect as metformin acetate as shown in the present invention,
and it did not mentioned the effect for interaction with met-
formin.

The present inventors decided that departing from the para-
digm that the problem of metformin hydrochloride must be
overcome by designing a formulation through selecting a
proper controlled release agent, if the solubility of the active
ingredient is lowered, side effects such as excessive drop of
blood glucose level or a disorder in gastrointestinal tract is
improved even on taking immediately release tablet, and
more efficient controlled release can be performed on formu-
lating the immediately release preparation; and studied on
metformin addition salt having relatively low solubility to
water. However, there is a problem in practicability since if
the molecular weight of a novel metformin derivative is very
high compared to metformin hydrochloride even though a
metformin derivative having low solubility is synthesized, the
dosage of metformin is increased. This is a crucial problem on
considering the unit dosage of metformin is large. If a met-
formin addition salt, which has not too large molecular
weight thereby having dosage capable of being compressed
as a tablet, is easy to be control-released due to lowered
solubility, and has relatively excellent permeability at lower
gastrointestinal tract and colon, and thus has relatively wide
absorption site compared to metformin hydrochloride, is
developed, it will have excellent ripple effect pharmaceuti-
cally or pharmaco-dynamically.

DISCLOSURE OF INVENTION
Technical Problem

The present inventors decided that departing from the para-
digm that the problem of metformin hydrochloride must be
overcome by designing a formulation through selecting a
proper controlled release agent, if the solubility of the active
ingredient is lowered, side effects such as excessive drop of
blood glucose level or a disorder in gastrointestinal tract is
improved even on taking immediately release tablet, and the
control of drug release can be performed more efficiently; and
studied on metformin addition salt having relatively low solu-
bility to water. However, if the molecular weight of a novel
metformin derivatives is very high compared to metformin
hydrochloride, there is a problem in practicability even
though a metformin derivative having low solubility is syn-
thesized, because of the increased dosage of metformin. This
is a crucial problem on considering the unit dosage of met-
formin is large. If a metformin addition salt, which has not too
large molecular weight thereby having dosage capable of
being compressed as a tablet, is easy to control the drug
release rate due to lowered solubility, and has relatively excel-
lent permeability at lower gastrointestinal tract and colon, and
thus has relatively wide absorption site compared to met-
formin hydrochloride, is developed, it will have excellent
ripple effect pharmaceutically or pharmaco-dynamically.

If the pharmacological effect of the addition salt can show
the synergic effect with the active pharmacological ingredient
of metformin, it will be more idealistic metformin addition
salt. From the result of a continuous research, the present
inventors completed the present invention by discovering
metformin acetate having not too large molecular weight and
having relatively low solubility.
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Further, the present inventors performed various clinical
researches for metformin acetate, and discovered that the
metformin acetate has pharmaceutical and pharamacokinetic
advantage attainable due to low solubility, and is relatively
more excellent compared to metformin hydrochloride in the
effects of initial drop in blood glucose and drop in blood
glucose after meal. This suggests that even though the unit
dosage of metformin acetate less than that of metformin
hydrochloride is administered, the same clinical effect as
metformin hydrochloride can be obtained, and accordingly
its excellent ripple effect can be also expected pharmacologi-
cally.

Therefore, the object of the present invention is to provide
pharmaceutically acceptable metformin acetate having excel-
lent physicochemical properties such as solubility and stabil-
ity, and a method of preparing the same.

Further, another object of the present invention is to pro-
vide a pharmaceutical composition for treating or preventing
diabetes mellitus and its complication comprising metformin
acetate as an active ingredient.

Still another object of the present invention is to provide a
pharmaceutical composition for treating or preventing diabe-
tes mellitus and its complication comprising metformin
acetate having relatively low solubility in water as an active
ingredient.

Still another object of the present invention is to provide a
method of preparing metformin acetate.

Still another object of the present invention is to provide an
immediately release or controlled release metformin formu-
lation comprising metformin acetate as an active ingredient,
which controls excellent drug release even using less con-
trolled release agent compared to metformin hydrochloride,
and has more clinically excellent effects of initial drop in
blood glucose and drop in blood glucose after meal than that
of metformin hydrochloride.

Further, the absorption speed of metformin in gastrointes-
tinal tract can be controlled by extending the gastric retention
time of a drug through using metformin as an active ingredi-
ent and a matrix agent capable of controlling the release rate
of the metformin. Therefore, the size of a tablet can be
designed in a small level suitable to take since the release of
the drug is continuously and sufficiently achieved for 24
hours even when the controlled release matrices according to
the present invention are formulated in less amounts than that
of the matrices required in preparing previous controlled
release tablet.

Technical Solution

The present inventors completed the present invention by
preparing metformin acetate, a method of preparing the same
and a composition comprising the same useful as a therapeu-
tic agent for diabetes mellitus

The present invention is comprised of the following twelve
characteristic features:

(1) metformin acetate represented by formula 1 below;

[Formula 1]

NH NH

e}

PN

OH

H;C
N

CH;

~
| H;C

=z

(2) metformin acetate according to the above (1) in the
form of anhydrous, hemihydrate or monohydrate;
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(3) amethod of preparing the metformin acetate of formula
1 comprising reacting 1 equivalent of the metformin hydro-
chloride of formula 4 below with 1 to 2 equivalent of inor-
ganic salts in water or an organic solvent to generate met-
formin free base; and then reacting with 1 to 2 equivalent of
acetic acid of formula 2 below with or without removing the
inorganic salt;

[Formula 2]
e}
HiC )]\OH
[Formula 3]
NH NH
H;C H
N N N
| " |
CH; H
[Formula 4]
NH NH
HiC
\N N NH, HCI
| H
CH;z

(4) amethod of preparing the metformin acetate of formula
1 comprising reacting 1 equivalent of the metformin hydro-
chloride of formula 4 with 1 to 2 equivalents of an organic
alkali in water, and then reacting with acetic acid of formula
2 without removing inorganic salt;

(5) amethod of preparing the metformin acetate of formula
1 comprising reacting 1 equivalent of the metformin hydro-
chloride of formula 4 with 1 to 2 equivalents of inorganic salts
or an organic alkali in water, and then reacting with 1 to 2
equivalents of acetic acid of formula 2 without removing
inorganic salt;

(6) the method of preparing the metformin acetate accord-
ing to the above (3) or (4) comprising reacting 1 equivalent of
metformin free base with 1 equivalent of acetic acid;

(7) the method of preparing the metformin acetate accord-
ing to the above (3) wherein the organic solvent is selected
from the group consisting of methanol, ethanol, isopropanol,
acetone and acetonitrile;

(8) the method of preparing the metformin acetate accord-
ing to the above (3) wherein 1 equivalent of metformin hydro-
chloride and 1 to 2 equivalents of inorganic salts are reacted in
water or an organic solvent to generated metformin free base;

(9) a pharmaceutical composition comprising the met-
formin acetate of the above (1) as an active ingredient, for
treating diabetes mellitus of patients having metabolic syn-
dromes that glycosuria and diabetes mellitus, obesity, hyper-
lipidemia and coronary heart disease are complexly occurred,
and preventing its complication;

(10) the pharmaceutical composition according to the
above (9) wherein the composition is formulated in the form
of a tablet or a capsule;

(11) the pharmaceutical composition according to the
above (10) wherein the composition further comprises a phar-
maceutically acceptable carrier, a diluent or an excipient; and

(12) the pharmaceutical composition according to the
above (9), (10) or (11) wherein the composition is effective in
preventing and treating type 2 diabetes mellitus, controlling
body weight, lowering hyperlipidemia lipid, treating fatty
liver, preventing coronary heart disease, treating polycystic
ovarian syndrome, treating a cancer depleted of gene P53, and
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preventing myalgia, muscle cell cytotoxicity and rhabdomy-
olysis by orally administering 50 to 3,000 mg of the met-
formin acetate of formula 1 as a free base a day over 1 to 3
times.

Advantageous Effects

Metformin acetate according to the present invention gives
more excellent drop effect in blood glucose level than that of
metformin hydrochloride used previously as an anti-diabetic
agent, and in particular, gives very excellent drop effect in
blood glucose level before meal as well as after meal, and
increases insulin sensitivity. More particularly, the metformin
acetate gives pharmaceutically and phamacodynamically
excellent effect showing effective control of a drug release by
lowering solubility compared to that of the metformin hydro-
chloride. Further, the metformin acetate according to the
present invention is proper in the size of molecular weight,
and superior in pharmaceutical, pharmacological or clinical
aspects to metformin hydrochloride. The metformin acetate
according to the present invention is slowly released in small
intestine on oral intake, and is simultaneously separated to
metformin and acetic acid, and then metformin is absorbed
and acetic acid inhibits the degradation of disaccharide in
small intestine thereby inhibiting rise in blood glucose level.
The metformin acetate is a compound pharmaceutically very
excellent to show optimum bioavailability.

Further, the method of preparing the metformin acetate
according to the present invention established the steps so that
it can be progressed simply and without special equipment.
The method of preparing the metformin acetate according to
the present invention can synthesize a novel metformin salt
with a low cost by improving the steps simply thereby elevat-
ing industrial applicability so that the synthesis can be per-
formed in general production equipment without special
equipment.

The metformin acetate according to the present invention is
a crystalline acid addition salt suitable for preparing a phar-
maceutical formulation compared to previous metformin
hydrochloride prepared by using hydrochloric acid, which is
a biguanide compound using only one salt as drug. Further,
the metformin acetate is a novel drug that increases pharma-
ceutical and physicochemical advantages such as stability,
non-hygroscopicity and processibility as a tablet formulation,
as well as increases the therapeutic effect for diabetes mellitus
and its complication even though acetic acid having relatively
low toxicity compared to that of the metformin hydrochloride
is used.

Table 1 below compares the oral toxicity of hydrochloric
acid forming a crystalline acid addition salt of the metformin
hydrochloride and acetic acid forming a crystalline acid addi-
tion salt of the metformin acetate. The toxicity data for two
acids were excerpted from Registry of Toxic Effects of
Chemical Substances (RTECS) Data.

TABLE 1

Administration Subject Dose Dose
Acid path animal (LD50) (TDLo)
Hydrochloric  Intraperitoneal Mouse 40 mg/kg —
acid Oral Rabbit 900 mg/kg —
Acetic acid Intravenous Mouse 525 mg/kg —

Oral Rat 3,310 mg/k g —

Oral Human — 1,470 ng/kg

being

LD50: 50% lethal dose,
TDLo; lowest toxic dose
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As indicated in the Table 1, hydrochloric acid used in
preparing a crystalline acid addition salt of the metformin is
toxic itself, but acetic acid used in the present invention is
very safe compared to hydrochloric acid. From in vivo and in
vitro experiments for the pharmacological effect of the met-
formin acetate performed in several ways, it could be antici-
pated that the metformin acetate is more excellent compared
to the metformin hydrochloride in the effect of drop in blood
glucose, action of decreasing lipid and improvement in meta-
bolic syndrome, as well as therapeutic purpose can be
achieved even with less dosage than the metformin hydro-
chloride.

DESCRIPTION OF DRAWINGS

FIG. 1 is the result of XRD measurement for metformin
acetate of Example 1 according to the present invention.

FIG. 2 is the result of XRD measurement for metformin
hydrochloride of Comparative example 1.

FIG. 3 is the result of NMR measurement for metformin
acetate of Example 1 according to the present invention.

FIG. 4 is the result of NMR measurement for metformin
hydrochloride of Comparative example 1.

FIG. 5 is the result of IR measurement for metformin
acetate of Example 1 according to the present invention.

FIG. 6 is the result of IR measurement for metformin
hydrochloride of Comparative example 1.

FIG. 7 is the result of solubility measurement for Experi-
mental example 2 according to the present invention.

FIG. 8 is the result of hygroscopicity measurement for
Experimental example 3 according to the present invention.

FIG. 9 is the result of pKa measurement for metformin
acetate according to the present invention.

FIG. 10 is the result of dissolution measurement for the
controlled release tablet of metformin acetate of Example 10
according to the present invention and the controlled release
tablet of metformin acetate prepared by Comparative
example 2.

MODE FOR INVENTION

The present invention relates to novel metformin acetate of
formula 1 below that is more superior in the physicochemical
properties such as solubility, stability, non-hygroscopicity
and processibility as a tablet formulation, and is more effec-
tive in treating or preventing diabetes mellitus and its com-
plication:

[Formula 1]
e}

N

OH

Tz

| H;C
CH;

Further, the present invention provides a method of prepar-
ing metformin acetate of formula 1 comprising adding a base
to the metformin hydrochloride of formula 4 in water or an
organic solvent to generate metformin free base represented
by formula3 below; and reacting the resulting metformin free
base with acetic acid represented by formula 2 below, as
described in reaction scheme 1 below:
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Reaction scheme 1

NH NH

NaOH
NH, HCI

NH
_H CH;COH

| H |

CH; i1

NH  NH 0
Ny N N me OH
| H |
i

CH;

[Formula 2]

[Formula 3]

Tz

[Formula 4]

~

CH;

The preparation method as described in the reaction
scheme 1 comprises

1) removing the addition salt of the metformin hydrochlo-
ride of formula 4,

2) adding acetic acid of formula 2 to a reaction solution of
the metformin of formula 3 to prepare a mixture; and

3) stirring the mixture, and filtering, washing and drying
the resulting solid to form a novel crystalline acid addition
salt of formula 1.

The crystalline acid addition salt of the metformin accord-
ing to the present invention is prepared by adding acetic acid
to a solution containing metformin represented by formula 3
comprising the following steps.

In the first step, inorganic salts can be used under water or
an organic solvent condition in order to obtain metformin free
base. The examples of the inorganic salts include alkali
hydroxide such as sodium hydroxide and potassium hydrox-
ide, and sodium hydroxide is preferably used. 1 to 2 equiva-
lents of the inorganic salts can be used for 1 equivalent of
metformin hydrochloride.

In the second step adding acetic acid to a reaction solution
containing metformin, 1 to 2 equivalent of acetic acid is
preferably used for 1 equivalent of metformin hydrochloride.

In the first and the second steps, an usual solvent is used as
areaction solvent, and preferably, an organic solvent selected
from the group consisting of methanol, ethanol, isopropanol,
acetone and acetonitrile is used.

The third step is a step of forming a crystalline acid addi-
tion salt, and is carried out in a temperature range of —10 to
80° C.
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As more simplified process, a method of preparing met-
formin acetate without performing the first and the second
steps is provided. The metformin acetate can be prepared by
reacting metformin hydrochloride with an organic alkali
under water or an organic solvent condition, and sodium
bicarbonate, potassium carbonate and sodium acetate can
used as the organic alkali used in preparation process, and
sodium acetate is preferably used. Further, as depicted in
reaction scheme 2, the metformin acetate can be also prepared
by reacting metformin hydrochloride simultaneously with
acetic acid and inorganic salt, and alkali hydroxide such as
sodium hydroxide and potassium hydroxide can be used as
the inorganic salt used in the preparation process, and sodium
hydroxide is preferably used. 1 to 2 equivalents of the organic
alkali can be used for 1 equivalent of metformin hydrochlo-
ride.

Reaction scheme 2
NH

Z,
Tz,

NH, HCl + NaOH +

0
)]\
H,C Ol
NH  NH 0
Sy N N7 me OH
| H |
i

CH;

The term metformin acetate herein refers to metformin (1:1)
acetate unless mentioned otherwise.

The metformin acetate according to the present invention
includes both anhydrous and hydrate, and preferably anhy-
drous.

According to the present invention, a process for preparing
metformin free base was established so that the process could
be performed simply and without any special equipment. For
removing hydrochloric acid of the metformin hydrochloride,
U.S. Pat. No. 4,080,472 uses ion exchange resin column, or
U.S. Pat. No. 4,028,402 discloses a preparation method that is
carried out under severe conditions of heating to reflux and
filtering hot solution. However, the present invention can
prepare an organic acid salt of metformin with less cost by
simplifying the process so that it can be prepared in general
production equipment without any special equipment,
thereby rising industrial applicability. The method of prepar-
ing this free base can be employed in a reaction with various
acids used in preparing a pharmaceutically acceptable salt.

The kind of the pharmaceutically acceptable salt appli-
cable to the method of synthesizing a free base according to
the present invention is as follows: hydrochloride, sulfate,
nitrate, phosphate, sulfite, dithionate, acetate, benzoate, cit-
rate, glycolate, glyoxylate, mercaptoacetate, y-hydroxy
butyrate, palmoate, aspartate, glutamate, pyrrolidone car-
boxylate, methane sulfonate, naphthalene sulfonate, glucose-
1-phosphate, chlorophenoxy acetate, embonate, chlorophe-
noxy acetate, maleate, parachlorophenoxy isobutylate,
formate, lactate, succinate, tartrate, cyclohexane carboxylate,
hexanoate, octanoate, decanoate, hexadecanoate, octode-
canoate, benzene sulfonate, trimethoxybenzoate, paratoluene
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sulfonate, adamantane carboxylate, glutamate, pyrrolidone
carboxylate, malonate, malate, oxalate, etc.

Further, the present invention relates to a pharmaceutical
composition for treating or preventing diabetes mellitus com-
prising metformin acetate of the formula 1 as an active ingre-
dient and having various formulations.

The metformin acetate according to the present invention
prepared by the above method comprises a pharmaceutically
acceptable carrier, and thus can be applied as an oral prepa-
ration in various forms, and employed in preparing a phar-
maceutical preparation for treating or preventing diabetes
mellitus related disease state in the form of a controlled-
release and immediately-release tablet, a soft capsule, a hard
capsule, a pill, a granule or a powder, an injecting agent and a
liquid preparation.

A controlled-release tablet capable of controlling the dis-
solution rate of a drug among the various oral preparations
mentioned above is considered as most preferable adminis-
tration form, in an aspect that it can prevent drastic change in
level in blood and prevent side effects and resistance to a drug,
and in consideration of the convenience and treating effect of
a patient.

An ingredient selected from an enteric polymer, a hydro-
phobic compound, and a hydrophilic polymer is used as a
matrix agent used for controlled release among the pharma-
ceutically acceptable carrier. As the enteric polymer, a mix-
ture of at least one or two compound selected from polyviny-
lacetate  phthalate, methacrylic acid copolymer,
hydroxypropylmethyl cellulose phthalate, shellac, cellulose
acetate phthalate, cellulose propionate phthalate, (poly-
(methacrylic acid/methyl-methacrylate) copolymer) can be
used, and hydroxypropylmethyl cellulose phthalate is prefer-
ably used.

The hydrophobic compound can be selected from pharma-
ceutically acceptable polyvinyl acetate, poly-methacrylate
copolymer, for example, poly-(ethyl acrylate/methyl meth-
acrylate) copolymer, poly-(ethylacrylate/methyl methacry-
late/trimethyl amino ethyl methacrylate) copolymer, ethyl
cellulose and cellulose acetate, fatty acid and fatty acid ester,
fatty acid alcohol, wax and inorganic compound, etc. Specifi-
cally, at least one or two compounds can be selected from
glyceryl palmitostearate, glyceryl stearate, glyceryl behen-
ate, cetyl palmitate, glyceryl monooleate and stearic acid as
fatty acids and fatty acid esters; cetostearyl alcohol, cetyl
alcohol and stearyl alcohol as fatty acid alcohols; carnauba
wax, bees wax and microcrystalline wax as waxes; talc, pre-
cipitated calcium carbonate, dibasic calcium phosphate, zinc
oxide, titanium oxide, kaolin, bentonite, montmorillonite and
vee gum as inorganic compounds, etc.

Examples of the hydrophilic polymer include, but are not
limited to, a saccharide, a cellulose derivative, a gum, a pro-
tein, a polyvinyl derivative, a polymethacrylate copolymer, a
polyethylene derivative, a carboxyvinyl polymer and a mix-
ture thereof. Specifically, examples of the saccharides
include, but are not limited to, dextrin, polydextrin, dextran,
pectin and pectin derivative, alginate, poly(galacturonic
acid), xylan, arabinoxylan, arabinogalactan, starch, hydrox-
ypropyl starch, amylase, amylopectin and a mixture thereof;,
examples of the cellulose derivatives include, but are not
limited to, hydroxypropylmethyl cellulose, hydroxypropyl
cellulose, hydroxymethyl cellulose, hydroxyethyl cellulose,
methyl cellulose, carboxymethyl cellulose sodium, hydrox-
ypropyl methyl cellulose acetate succinate, hydroxyethylm-
ethyl cellulose and a mixture thereof; examples of the gums
include, but are not limited to, guar gum, locust bean gum,
tragacantha, carrageenan, gum acasia, gum arabic, gellan
gum, xanthan gum and a mixture thereof; examples of the
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proteins include, but are not limited to, gelatin, casein, zein
and a mixture thereof; examples of the polyvinyl derivatives
include, but are not limited to, polyvinyl alcohol, polyvinyl
pyrrolidone, polyvinylacetal diethylaminoacetate and a mix-
ture thereof; examples of the polymethacrylate copolymers
include, but are not limited to, poly(butyl methacrylate,
(2-dimethylaminoethyl)methacrylate, methylmethacrylate)
copolymer, poly(methacrylic acid, methylmethacrylate)
copolymer, poly(methacrylic acid, ethylacrylate) copolymer
and a mixture thereof; examples of the polyethylene deriva-
tives include, but are not limited to, polyethylene glycol,
polyethylene oxide and a mixture thereof; and examples of
the carboxyvinylpolymers include, but are not limited to,
carbomer.

Examples of the pharmaceutically acceptable diluent
within a range damaging the effect of the present invention
include, but are not limited to, starch, microcrystalline cellu-
lose, lactose, glucose, mannitol, alginate, alkali earth metal
salt, clay, polyethylene glycol and dicalcium phosphate, etc.
Examples of the binder include, but are not limited to, starch,
microcrystalline cellulose, highly dispersive silica, mannitol,
lactose, polyethylene glycol, polyvinyl pyrrolidone, hydrox-
ypropyl methylcellulose, hydroxypropyl cellulose, natural
gum, synthetic gum, copovidone and gelatin, etc. Examples
of the disintegrant include, but are not limited to, starch or
denatured starch, for example, sodium starch glycolate, corn
starch, potato starch or pre-gelatinized starch, etc; clay, for
example, bentonite, montmorrilonite and veegum, etc.; cel-
Iulose, for example, microcrystalline cellulose, hydroxylpro-
pyl cellulose or carboxymethyl cellulose, etc.; algin, for
example, sodium alginate or alginic acid; crosslinked cellu-
lose, for example, croscarmellose sodium, etc.; gum, for
example, guar gum and xanthan gum, etc.; crosslinked poly-
mer, for example, crospovidone; effervescent preparation, for
example, sodium bicarbonate and citric acid, etc. Examples
of the lubricant include, but are not limited to, talc, magne-
sium stearate, alkali earth metal stearate calcium, zinc, lauryl
sulfate, hydrogenated vegetable oil, sodium benzoate,
sodium stearyl fumarate, glyceryl monostearate and polyeth-
ylene glycol 4000.

The scope of the present invention is not limited to using
the excipient, and the excipient can be contained in a usual
content range by a person skilled in the art.

As described above, the metformin acetate can be applied
as various forms of a preparation for oral administration, and
a dosage of the pharmaceutical composition according to the
present invention to a human body can vary depending on a
patient’s age, gender, body weight, nationality, health state
and disease state and divisional administration is also pos-
sible pursuant to discretion of a physician.

The present invention will be described in greater detail
with reference to the following examples. The following
examples are for illustrative purposes only and are not
intended to limit the scope of the invention.

EXAMPLE 1
Preparation of Metformin Acetate

2 kg (1 equivalent) of metformin hydrochloride and 483 g
(1 equivalent) of sodium hydroxide were stirred in 10 L of
methanol for 2 hours at room temperature, and then remain-
ing solid was filtered and the filtrate was concentrated under
reduced pressure. Then 15 L of acetone was added to the
resulting solid and stirred. Insoluble material was filtered, and
the filtrate was concentrated under reduced pressure to obtain
1,230 g of metformin free base. The metformin free base was

20

25

30

35

40

45

50

55

60

65

14

dissolved in 33 L of acetone, 2.8 L. (4 equivalents) of acetic
acid was added, and then the mixture was stirred for 2 hours
at room temperature. The resulting crystal was filtered, and
re-crystallized in water and acetone to obtain 1,089 g of
metformin acetate (yield: 47.7%).

EXAMPLE 2
Preparation of Metformin Acetate

5 L of water, 2 kg (1 equivalent) of metformin hydrochlo-
ride and 578 g (1.2 equivalents) of sodium hydroxide were
added to 10 L reactor, and stirred for 2 hours at room tem-
perature. Then 1 L (1.45 equivalents) of acetic acid was added
for 1 hour, and the mixture was stirred overnight at room
temperature. The resulting crystal was washed with acetone-
water (12:1) mixture, and then acetone, and dried at 60° C. to
obtain 1,112 g of metformin acetate (yield: 48.7%).

EXAMPLE 3
Preparation of Metformin Acetate

1 Kg (1 equivalent) of metformin hydrochloride and 2 L. of
water, and then 0.5 L. (1.45 equivalents) of acetic acid were
added to a reactor, and stirred for 2 hours at 30° C. to dissolve
thoroughly. Then 289.8 g (1.2 equivalents) of aqueous solu-
tion of sodium hydroxide were added to the reaction solution
for 1 hour. The resulting crystal was filtered and washed with
acetone, and then dried at 60° C. to obtain 601 g of metformin
acetate (yield: 52.7%).

EXAMPLE 4
Preparation of Metformin Acetate

20.0 g (1 equivalent) of metformin hydrochloride and 30
Ml of water, and then 10 M1 (1.45 equivalents) of acetic acid
were added to a reactor, and stirred for 2 hours at 30° C. to
dissolve thoroughly. Then 1.23 g (1.5 equivalents) of aqueous
solution of sodium hydroxide was added to the reaction solu-
tion. The resulting crystal was filtered and washed with
acetone, and then dried at 60° C. to obtain 16.7 g of metformin
acetate (yield: 73.0%).

EXAMPLE 5
Preparation of Metformin Acetate

20.0 g (1 equivalent) of metformin hydrochloride, 50 Ml of
water, and 19.72 g (1.2 equivalents) of sodium acetate trihy-
drate were added to a reactor, and stirred. Then the resulting
crystal was filtered and washed with acetone, and then dried
at 60° C. to obtain 11.72 g of metformin acetate (yield:
51.3%).

EXAMPLE 6
Preparation of Metformin Acetate

0.4 L of water, 241.50 g of sodium hydroxide, 9 L. of
acetone and 1 Kg of metformin hydrochloride were added to
a 20 L reactor, and stirred for 2 hours and 40 minutes at room
temperature. The resulting crystal was filtered and washed
withacetone. 0.2 L of waterand 1 L of acetic acid were added
and stirred. The resulting crystal was filtered and washed with
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acetone, and then dried at 60° C. to obtain 1,056 g of met-
formin acetate (yield: 92.4%).

EXAMPLE 7
Preparation of Metformin Acetate

78 g (1 equivalent) of metformin free base, 234 Ml of
isopropanol, 234 Ml of water and 57 M1 (1.65 equivalents) of
acetic acid were added to a reactor, and stirred. The resulting
crystal was filtered and washed with isopropanol, and then
dried at 60° C. to obtain 54.6 g of metformin acetate (yield:
47.8%).

EXAMPLE 8
Preparation of Metformin Acetate

20.00 g (1 equivalent) of metformin hydrochloride and
4.84 g (1 equivalent) of sodium hydroxide were stirred in 200
Ml of ethanol for 2 hours at room temperature, and then
remaining solid was filtered and the filtrate was concentrated
under reduced pressure. Then 300 Ml of acetone was added to
the resulting solid and stirred. Insoluble material was filtered,
and the filtrate was concentrated under reduced pressure to
obtain 12.0 g of metformin free base. 500 M1 of acetone and
10 M1 (1.45 equivalents) of glacial acetic acid were added to
the metformin free base, and then the mixture was stirred. The
resulting crystal was filtered and washed with acetone, and
then dried at 60° C. to obtain 13.6 g of metformin acetate
(yield: 59.5%).

EXAMPLE 9
Preparation of Metformin Acetate

20.0 g (1 equivalent) of metformin hydrochloride and 50
Ml of water, and then 10 Ml (1.45 equivalents) of glacial
acetic acid were added to a reactor, and stirred for 2 hours at
30°C.todissolve thoroughly. Then 10.2 g (1.5 equivalents) of
aqueous solution of potassium hydroxide were added to the
reaction solution. The resulting crystal was filtered and
washed with acetone, and then dried at 60° C. to obtain 13.3
g of metformin acetate (yield: 58.2%).

EXAMPLE 10
Pharmaceutical Composition of Metformin Acetate

Metformin acetate, hydroxypropyl methyl cellulose and
light anhydrous silicic acid were poured with the content as
indicated in Table 2 below and mixed, and then roller com-
pacted under a pressure of 16 to 17 MPa to give slug. The
resulting slug was granulated with No. 14 size, magnesium
stearate was mixed, and the mixture was compressed to pre-
pare a tablet layer. Then a film-coated layer was formed with
Opadry OY-C-7000A as a coating agent using Hi-Coater
(SFC-30N, Sejong Machine Co., Ltd, Korea) to prepare a
metformin controlled release tablet containing 500 mg of
metformin acetate.

EXAMPLE 11
Pharmaceutical Composition of Metformin Acetate

Metformin acetate, carboxymethyl cellulose sodium,
microcrystalline cellulose and light anhydrous silicic acid
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were poured with the content as indicated in Table 2 below
and mixed, and then roller compacted under a pressure of 16
to 17 Mpa to give slug. The resulting slug was granulated with
No. 14 size, magnesium stearate was mixed, and the mixture
was compressed to prepare a tablet. Then a film-coated tablet
was formed with Opadry OY-C-7000A as a coating agent
using Hi-Coater (SFC-30N, Sejong Machine Co., Ltd, Korea)
to prepare a metformin controlled release tablet containing
500 mg of metformin acetate.

EXAMPLE 12
Pharmaceutical Composition of Metformin Acetate

Metformin acetate, polyvinyl pyrrolidone, hydroxypropyl
methyl cellulose and glyceryl behenate were poured with the
content as indicated in Table 2 below with No. 20 size and
mixed. Light anhydrous silicic acid was screened with No. 35
size, magnesium stearate was mixed, and the mixture was
compressed to prepare a tablet layer. Then a film-coated layer
was formed with Opadry OY-C-7000A as a coating agent
using Hi-Coater (SFC-30N, Sejong Machine Co., Ltd, Korea)
to prepare a metformin controlled release tablet containing
750 mg of metformin acetate.

COMPARATIVE EXAMPLE 1
Preparation of Metformin Hydrochloride

500 mg of metformin free base was dissolved in 30 Ml of
acetone, and then 280 M1 of concentrated hydrochloric acid
was added, and stirred for 2 hours at room temperature. The
resulting crystal was filtered and washed with acetone, and
then dried with heated air at 70° C. to obtain 490 mg of
metformin hydrochloride (yield: 76.4%).

COMPARATIVE EXAMPLE 2

Pharmaceutical Composition of Metformin
Hydrochloride

Metformin hydrochloride, hydroxypropyl methyl cellu-
lose and light anhydrous silicic acid were poured with the
content as indicated in Table 2 below and mixed, and then
roller compacted under a pressure of 16 to 17 MPa to give
slug. The slug was granulated with No. 14 Size, magnesium
stearate was mixed, and the mixture was compressed to pre-
pare a tablet. Then a film-coated tablet was formed with
Opadry OY-C-7000A as a coating agent using Hi-Coater
(SFC-30N, Sejong Machine Co., Ltd, Korea) to prepare a
metformin controlled release tablet containing 500 mg of
metformin hydrochloride.

COMPARATIVE EXAMPLE 3
Pharmaceutical Composition of Metformin
Hydrochloride
Metformin hydrochloride, carboxymethyl cellulose

sodium, microcrystalline cellulose and light anhydrous silicic
acid were poured with the content as indicated in Table 2
below and mixed, and then roller compacted under a pressure
of 16 to 17 MPa to give slug. The slug was granulated with
No. 14 Size, magnesium stearate was mixed, and the mixture
was compressed to prepare a tablet. Then a film-coated tablet
was formed with Opadry OY-C-7000A as a coating agent
using Hi-Coater (SFC-30N, Sejong Machine Co., Ltd, Korea)
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to prepare 500 mg of a metformin controlled release tablet
containing 500 mg of metformin hydrochloride.

COMPARATIVE EXAMPLE 4

Pharmaceutical Composition of Metformin
Hydrochloride

Metformin hydrochloride, polyvinyl pyrrolidone, hydrox-
ypropyl methyl cellulose and glyceryl behenate were poured
with the content as indicated in Table 2 below with No. 20 size
and mixed. Light anhydrous silicic acid was granulated with
No. 35 size, magnesium stearate was mixed, and the mixture
was compressed to prepare a tablet layer. Then a film-coated
layer was formed with Opadry OY-C-7000A as a coating
agent using Hi-Coater (SFC-30N, Sejong Machine Co., Ltd,
Korea) to prepare a metformin controlled release tablet con-
taining 750 mg of metformin hydrochloride.

TABLE 2

Component ratio (mg/tablet)

Example Comparative example
Ingredient 10 11 12 2 3 4
Main Metformin 500 500 750
ingre-  acetate
dient Metformin 500 500 750
hydrochloride
Excip-  Polyvinyl 120 120
ient pyrrolidone
Hydroxypropyl 500 240 500 240
methyl
cellulose
Carboxymethyl 450 450
cellulose
sodium
Avicel PH101 41 41
Glyceryl 30 30
behenate
Aerosil 200 5 5 7.5 5 5 7.5
Magnesium 5 4 7.5 5 4 7.5
stearate
Coating Opadry OY- 40 40 60 40 40 60
agent C-7000A
Total 1050 1040 1215 1050 1040 1215

EXPERIMENTAL EXAMPLE 1

Qualitative Confirmation for the Structure of
Metformin Acetate

From X-ray diffraction spectrum, nuclear magnetic reso-
nance spectrum data, infrared spectrum data and melting
point for metformin acetate of the formula 1 prepared by
Example 1, it was confirmed that metformin acetate accord-
ing to the present invention has different crystal form and
structure from metformin hydrochloride of the formula 4
prepared by Comparative example 1.

1) Powder X-ray Diffraction Analysis Spectrum

The characteristic peak for metformin acetate shown in
powder X-ray diftraction analysis spectrum depicted in FIG.
1 is indicated in Table 3 below. Here “20” means a diffraction
angle, “d” means the distance between crystal faces, “I/Io”
means the relative strength of a peak. The following analysis
was performed by D/MAX-2200V X-ray Diffractometer
(XRD) available at Rigaku Company. From comparison of
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metformin acetate shown in FIG. 1 with metformin hydro-
chloride shown in FIG. 2, it was confirmed that a different
crystal was obtained.

TABLE 3

20 d Ilo
11.940 7.4063 223
15.740 5.6257 318
17.699 5.0070 1000
19.281 4.5997 618
20.231 4.3666 595
21.399 4.1489 213
21.819 4.0699 157
24.040 3.6988 649
26.280 3.3884 501
27.839 3.2020 407
28.540 3.1250 670
29.920 2.9839 251
33.480 2.6743 109
35.580 2.5211 102

2) Measurement of Melting Point

It was confirmed that metformin acetate of the formula 1
prepared in Example 1 has a melting point of 227.3~228.0],
metformin hydrochloride of Comparative example 1 has a
melting point of 222.8~224.0[].

3) Elemental Analysis

From the elemental analysis for metformin acetate of the
formula 1 prepared in Example 1, it was confirmed that 1
equivalent of acetic acid is bound in the metformin acetate
when comparing actual measurement values with the theo-
retical values of a monovalent salt and a divalent salt. The
analysis results as shown in Table 4 were obtained by
FISONS EA-1108 Elemental Analyzer for C, H and N, and
Thermo Finnegan FLLASH EA-1112 Elemental Analyzer for
0.

TABLE 4
Analysis item C(%) H(%) N(%) O(%)
Measurement value of metformin 38.2 8.2 36.8 17.0
acetate
Theoretical value of metformin 38.09 7.99 37.01 16.91
monoacetate
Theoretical value of metformin 38.55 7.68 28.10 25.67
diacetate

4) Data for Nuclear Magnetic Resonance Spectrum (NMR)

By confirming the peak of nuclear magnetic resonance
(1H-NMR) for metformin acetate of the formula 1 prepared
in Example 1 (FIG. 3) and the peak of metformin hydrochlo-
ride of Comparative example 1 (FIG. 4), it could be found that
acetic acid is bound to metformin free base since it was
confirmed that the methyl group of acetic acid was generated
in 6=1.885 ppm.

5) Data for Infrared Spectroscopy (FT-IR)

By confirming the peak of infrared spectroscopy (FT-IR)
for metformin acetate of the formula 1 prepared in Example 1
(FIG. 5) and the peak of metformin hydrochloride of Com-
parative example 1 (FIG. 6), it could be found that acetic acid
is bound to metformin free base since peaks were totally
changed, and in particular, the carbonyl group of acetic acid
was generated at 1622 cm-1.

EXPERIMENTAL EXAMPLE 2
Measurement of Solubility in Water

The solubility of the Metformin acetate of the formula 1
prepared in Example 1 in water were compared with that of
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the metformin hydrochloride employed as an active ingredi-
ent of metformin pharmaceutical composition.

The condition and method of experiment is as follows.

1) Water was filled in an agitated water bath, and its tem-
perature was set as 30[.

2) 20 mL of water was filled in 100 mL Erlenmeyer flask,
and 10 g of metformin hydrochloride and metformin hydro-
chloride were poured thereto, respectively.

3) The Erlenmeyer flasks containing the metformin acetate
and the metformin hydrochloride, respectively, were fixed to
the rack of the water bath, and then the apparatus was oper-
ated with a speed of 60 times per minute at 30[].

4) Samples were taken and filtered with an interval of 24
hours, and then their concentration was calculated by quan-
titative analysis with an ultraviolet spectrophotometer
(A=233 nm).

The above experimental procedures were repeated for 5
days, and the saturation solubility at 30[] and the velocity
reaching the saturation solubility were obtained and indicated
in Table 5 below.

TABLE §

Saturation  Concentration according to the time in

solubility Shaking Water Bath (30[]) (mg/ml

(mg/ml) 1 day 2 days 3days 5 days
Metformin 440 347.66  400.25  412.36  534.61
hydrochloride
Metformin acetate 280 148.51 233.76 261.66  292.48

As shown in the Table 5, from measurement of each satu-
ration solubility of the metformin acetate and the metformin
hydrochloride after 5 days, it can be seen that the saturation
solubilites are 292.48 mg/ml,, and 534.61 mg/ml,, respec-
tively, indicating that the solubility of the acetate is lower than
that of the hydrochloride. As shown in the Table 5, the met-
formin acetate has lower saturation solubility than that of the
metformin hydrochloride, as well as has the speed reaching
the saturation solubility slower than that of the hydrochloride.
Therefore, the metformin acetate is advantageous in formu-
lating since desired release rate can be achieved by using less
polymeric excipient in preparing a controlled release tablet of
metformin.

EXPERIMENTAL EXAMPLE 3
Measurement of Hygroscopicity

The hygroscopicities of the metformin acetate of the for-
mula 1 prepared in Example 1 and commercially available
metformin hydrochloride employed as an active ingredient of
metformin pharmaceutical composition were compared.

The experimental condition and method are as follows.

1) Metformin hydrochloride and metformin acetate were
dried at 40 for 24 hours, respectively, to reach constant
amounts.

2) Saturated solution of KH,PO, (22 g/100 g) was filled in
the bottom of a desiccator, and the inner humidity was
set to 95% and the temperature of the desiccator located
room was maintained as 25° C.

3) 100 mg of metformin hydrochloride and metformin
acetate were precisely taken, respectively and their
weights were measured together with a container.

4) Metformin hydrochloride and metformin acetate were
filled in the desiccator together with the container, and
picked up together in the interval of 24 hours with the
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container, and their weights were measured and it was
calculated that moisture was absorbed by the increment
in weight.
After repeating the above experimental procedure for 6
days, the hygroscopicity at 95% RH, 25° C. was as indicated
in Table 6 below.

TABLE 6
Hygroscopicity (%)
1 day 2 days 3 days 6 days 9 days
Metformin 6.29 11.86 233 60.33 68.78
hydrochloride
Metformin 0.35 0.93 1.37 11.21 23.32

acetate

As indicated in the Table 6, the hygroscopicity of the met-
formin acetate was lower than that of the metformin hydro-
chloride.

The metformin hydrochloride absorbs moisture during
transport and its particles are compressed each other to form
aggregates due to its high hygroscopicity, but the metformin
acetate can decrease greatly the possibility of changing its
status during transport, and can show excellent fluidity with-
out forming aggregates in pharmaceutical preparation steps
such as compression step for long period for preparing a
product.

EXPERIMENTAL EXAMPLE 4
Confirmation Test of pKa (Spectrographic Analysis)

The ionized metformin acetate of the formula 1 prepared in
Example 1 acts as an acid, a free base or an amphipathic
compound depending on pH, thereby generating the pH
change at each titration point. Thus, pKa value was obtained
from the difference between the calculated pH value and
actually measured pH value. The pKa value is indicated in
Table 7 below, and its result was depicted in FIG. 9.

TABLE 7
pKa Error
Metformin acetate 2.853 +0.010
EXPERIMENTAL 5

Comparative Dissolution Profile Test Between
Metformin Acetate and Metformin Hydrochloride

Dissolution property by paddle method in dissolution test
among general tests in the Korean Pharmacopoeia was mea-
sured by using the controlled release tablet of the metformin
acetate according to the present invention prepared by
Example 10 and the controlled release tablet of the metformin
hydrochloride prepared by Comparative example 2, and the
results are shown in FIG. 10.

From the experimental results, when comparing the disso-
Iution properties of the controlled release tablet of the met-
formin acetate designed as all the same preparations except
that an active ingredient is different, and the controlled
release tablet of metformin hydrochloride, it can be found that
the metformin acetate shows lower and extended dissolution
rate by the difference in solubility.



US 8,541,474 B2

21
EXPERIMENTAL EXAMPLE 6

Comparative Efficacy Test Between Metformin
Acetate and Metformin Hydrochloride

1. Effect of Drop in Blood Glucose Level

This test supports the effect of the present invention. In this
test, the metformin acetate of Example 1 and commercially
available metformin hydrochloride were administered to an
experimental animal, and the procedure described in Table 8
below was performed in order to compare their effects.

TABLE 8

Subject Comparative test for the effects of drop in blood glucose for
metformin acetate and metformin hydrochloride

Compare the effects of drop in blood glucose by administering
metformin acetate and metformin hydrochloride to diabetes
mellitus induced experimental animal

210 to 230 g of male rats aged & weeks

Purpose

Test
subject
Test
method

1) Select rats that was judged as healthy during acclimatizing
period for 5 days.

2) Induce diabetes mellitus in the rats by injecting alloxan

(40 mg/kg) intravenously twice with an interval of 48 hours.
3) Select an individual having at least 13.8 mmol/L of glucose
and divide into three groups 6 days after administration

of alloxan.

4) Administer a saline group (control group; n = 5),
metformin hydrochloride (0.05 mg corresponding amount as
metformin active ingredient; n = 5), metformin acetate

(0.05 mg corresponding amount as metformin inductive
ingredient; n = 5) peritoneally to each group. After
administration, the glucose concentration in blood was
confirmed for 10 hours.

[Measurement of glucose concentration]

1) After administration of a drug, the glucose concentration in
blood was measured at 0, 2, 4, 6, 8, 10 hours.

2) Taking blood of tail vein at each time frame to measure the
glucose concentration in blood with a blood glucose level.

Evaluation
method

The detailed results of the test for drop in blood glucose are
indicated in Table 9 below.

TABLE 9

Glucose concentration in blood, mmol/L,

Metformin Metformin Control

Hours hydrochloride acetate group
0 13.8 13.8 13.8

2 7.8 6.4 14.4

4 6.4 7.5 14.2

6 8.6 6.8 14.5

8 7.9 5.9 14.8

10 9.4 6.9 14.4

As indicated in the Table 9, the glucose concentration 10
hours after administration of control group was 14.4 mmol/L.
The glucose concentration 10 hours after administration of
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metformin acetate administered group was 6.9 mmol/L, indi-
cating the decrease of about 7.5 mmol/L.. Meanwhile, the
blood glucose concentration in blood 10 hours after admin-
istration of metformin hydrochloride administered group was
9.4 mmol/L, indicating lower glucose concentration in blood
than that of the control group, but higher glucose concentra-
tion in blood than that of the metformin acetate. In other
words, it was confirmed that the effect of drop in blood
glucose of metformin acetate is more excellent than that of
metformin hydrochloride.

2. Test of Drop in Blood Glucose after Meal

This test supports the effect of the present invention. In this
test, the metformin acetate of Example 1 and commercially
available metformin hydrochloride were administered to an
experimental animal, and the procedure described in Table 10
below was performed in order to compare their effects.

TABLE 10

OGTT (Oral Glucose Toerance Test) of metformin
acetate and metformin hydrochloride

Subject
Purpose

OGTT of metformin acetate and metformin hydrochloride
Compare the effects of drop in blood glucose after meal
for metformin acetate and metformin hydrochloride
26~28 g of male ICR mice aged 5 weeks

1) Select mice that was judged as healthy during
acclimatizing period.

2) Fast the mice for 12 hours before test, and then divide
into eight groups.

3) Test groups were set as follows.
Animal
(number)

Test subject
Test method

Administration

Test group path

G1: No treating control group 8 Oral

G2: 100 mg/kg of metformin

acetate

G3: 200 mg/kg of metformin

acetate

G4: 400 mg/kg of metformin

acetate

G5: 100 mg/kg of metformin

hydrochloride

G6: 200 mg/kg of metformin

hydrochloride

G7: 400 mg/kg of metformin

hydrochloride

G8: Excipient control group

4) 2 g/kg of sucrose was administered orally to G2 to G8
1 hour after administering test material to each group.

5) The glucose concentration in blood was confirmed for
4 hours after administration of sucrose.

[Measurement of glucose concentration]

1) After administration of sucrose, the glucose
concentration in blood was measured at 20, 40, 60, 90, 120,
240 minutes.

2) Taking blood of tail vein at each time frame to measure
the glucose concentration in blood with a blood glucose
level.

Evaluation
method

The detailed results of the test for drop in blood glucose
after meal are indicated in Table 11 below.

TABLE 11

<Unit: mg/dl>

Group 0 min 20 min 40 min 60 min 90 min 120 min 240 min
Gl 113.00 £2.64 10525 £4.16** 11513 £4.08%  122.75+4.88%*  113.38=35.85 114.88 + 5.59 77.00 £3.55
G2 101.63 £4.94 26213 £ 15.33** 212.00 +15.68 170.75+17.38 134.50 = 15.64 106.63 = 10.44 63.63 +4.94
G3 101.63 £4.58 213.13 £ 11.36** 201.00 £21.78  165.75+15.91 129.63 = 8.08 106.38 + 4.07 80.00 = 3.73
G4 104.13 £6.53 19025 £ 16.05** 169.63 +21.19  141.50+18.24*  106.38 = 13.75 86.25 £ 11.25**  69.25 +7.96
G5 104.00 £ 6.53  246.00 = 16.70** 194.38 + 8.02 151.50 + 5.45* 122.38 + 4.69 111.75 + 6.45 83.63 +3.49
G6 107.13 £2.84  227.50 £ 20.57** 187.25 +15.16  147.25 + 9.89* 121.25 £ 8.15 106.75 + 5.65 87.13 £4.50
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TABLE 11-continued
<Unit: mg/dl>
Group 0 min 20 min 40 min 60 min 90 min 120 min 240 min
G7 104.75 £3.98 187.38 + 10.32%* 167.63 £ 7.04 135.63 = 5.53%* 110.50 £4.78 87.88 + 9.90%* 64.38 £ 7.69
G8 106.13 +4.06  337.88 = 24.06 260.00 £26.29  198.75 £ 22.16 156.38 £ 18.83 131.00 £ 17.11 81.00 £ 6.48

*Remarkably different with G8, P < 0.05
**Remarkably different with G8, P < 0.01

1) The effect of drop in blood glucose could be observed in
G3, G4, G6 and G7 compared to G8 at 20 minutes after
administration of sucrose.

2) The eftect of drop in blood glucose could be observed in
G3 at 120 minutes, and in G2 and G3 at 240 minutes.

3) It could be found that the metformin acetate showed
higher effect of drop in blood glucose than that of the met-
formin hydrochloride in 200 and 400 mg/kg dosage group at
20 to 60 minutes after administration of sucrose.

4) From the results, it could be inferred that the effect of
drop in blood glucose after meal of the metformin acetate was
more excellent than that of the metformin hydrochloride.

Industrial Applicability

As described above, metformin acetate according to the
present invention is excellent in the effect of drop in blood
glucose compared to the previous metformin hydrochloride,
and in particular, is remarkably excellent in the effect of drop
in blood glucose after meal compared to the metformin
hydrochloride having weak ability of controlling blood glu-
cose after meal. Further, the present invention enhanced
industrial applicability so that a novel salt of the metformin
can be synthesized with less cost by improving the steps
simply so that the synthesis can be performed in general
production equipment without special equipment compared
to the previous preparation method that was difficult to per-
form or must be performed under severe condition. Further,
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since metformin acetate has lower solubility than that of the
metformin hydrochloride, excessive drop in blood glucose
and quick loss of a drug due to drastic release can be pre-
vented. Therefore, the metformin acetate is very useful as an
active ingredient of a pharmaceutical since it is formulated in
immediate release form or controlled release form for 24
hours a day, and thus it is easy to maintain equal concentration
in blood.

The invention claimed is:

1. A method of treating or preventing obesity, which com-
prises administrating to a patient an effective amount of a
pharmaceutical composition containing a metformin acetate
of formula 1 as an active ingredient

[Formula 1]
e}

PN

OH.

Tz

| H;C
CH;

2. The method of claim 1, wherein the metformin acetate is
orally administrated in amount of 50 to 3,000 mg per a day.

3. The method of claim 1, wherein the metformin acetate is
anhydrous metformin acetate.
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